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Abstract: Alongside the growing number of older persons, the prevalence of chronic diseases is
increasing, leading to higher pressure on health care services. eHealth is considered a solution
for better and more efficient health care. However, not every patient is able to use eHealth,
for several reasons. This study aims to provide an overview of: (1) sociodemographic factors
that influence the use of eHealth; and (2) suggest directions for interventions that will improve
the use of eHealth in patients with chronic disease. A structured literature review of PubMed,
ScienceDirect, Association for Computing Machinery Digital Library (ACMDL), and Cumulative
Index to Nursing and Allied Health Literature (CINAHL) was conducted using four sets of keywords:
“chronic disease”, “eHealth”, “factors”, and “suggested interventions”. Qualitative, quantitative,
and mixed-method studies were included. Four researchers each assessed quality and extracted
data. Twenty-two out of 1639 articles were included. Higher age and lower income, lower education,
living alone, and living in rural areas were found to be associated with lower eHealth use. Ethnicity
revealed mixed outcomes. Suggested solutions were personalized support, social support, use of
different types of Internet devices to deliver eHealth, and involvement of patients in the development
of eHealth interventions. It is concluded that eHealth is least used by persons who need it most.
Tailored delivery of eHealth is recommended.
Keywords: eHealth; digital divide; chronic diseases; sociodemographic factors; technology; interventions
1. Introduction
Chronic diseases, also known as non-communicable diseases, constitute a significant challenge for
healthcare. As reported by the WHO, each year 71% of deaths are due to chronic diseases [1]. Moreover,
the number of people with chronic diseases is steadily growing when considering the increase in the
(relative and absolute) number of older persons. At present, Europe has the highest percentage of
people aged 60 or over [2]. In other parts of the world, rapid ageing will occur, such that a quarter of
their populations will be older than 60 [2]. In addition, the economic burden of chronic diseases and
the workload for health caregivers will increase accordingly [3–5].
The most prevalent chronic diseases are cancer, chronic respiratory disease, cardiovascular disease,
and diabetes. All these diseases are to some extent related to behavioral risk factors such as tobacco
use, unhealthy diet, lack of physical activity, and use of alcohol [6]. Thus, patients need to take
responsibility in order to actively change their behavior and manage their chronic illness. This concept,
which is known as self-management, is currently widely adopted to improve health outcomes and
quality of life among chronically ill patients [7,8].
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Nowadays, the rapid evolution of digital technology is leading to increased opportunities for
self-management [9]. eHealth, for instance, provides the means to facilitate communication between
care providers, and between care providers and their patients to exchange information and facilitate
patients in self-monitoring [8], and is used to stimulate self-management in individuals with chronic
disease [10–13]. For example, patients with chronic heart failure can monitor their own blood pressure
and weight and communicate these data with their care provider.
In order to scale up the deployment of eHealth applications, especially for persons with chronic
diseases needing health care, these applications should be easy to use for underserved patients, e.g.,
older persons with chronic diseases in lower socio-economic situations. The existence of groups of
patients with chronic disease who are not able to benefit from eHealth, leads to a “digital divide”
between those who use digital technology to self-manage their disease and those who do not use
digital technology.
As the use of technology in health care is increasing, it is essential to know sociodemographic
characteristics such as age, sex, income, education, ethnicity, place of residence, and household
composition of patients who are not aware or not able to use eHealth and what barriers these patients
face [14,15]. Currently, an overview of such factors is missing. Additionally, no current review
highlights the interventions (i.e., suggested solutions to enhance eHealth use) to overcome digital
divide regarding sociodemographic factors. Therefore, this study aims firstly to give an overview of
sociodemographic factors that influence the use of eHealth among people with chronic disease, and,
secondly, the suggested directions for interventions to overcome these barriers and thus facilitate the
use of eHealth for a broader population.
2. Materials and Methods
2.1. Search Strategy
This literature review was conducted according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [16]. In November 2018, four databases were
explored to conduct the research: PubMed, ScienceDirect, Computing Machinery Digital Library
(ACMDL) and Cumulative Index to Nursing and Allied Health Literature (CINAHL). Groups of search
terms, listed in Table 1, were entered into the four databases. Search terms from all four groups had to
be present in the resulting article to be considered relevant. The precise combination of these groups of
search terms can be found in the Supplementary Materials (Combination of search terms according to
the database used).




“chronic diseases” OR dementia OR “Alzheimer’s disease” OR obesity OR “non-communicable
disease” OR NCD OR “non-communicable condition” OR “cardiovascular disease” OR diabetes
OR cancer OR “chronic respiratory disease” OR “chronic condition” OR “lung disease” OR
“heart disease” OR “long-term disease” OR hypertension OR “chronic illness”
(2) eHealth
e-Health OR eHealth OR “electronic health” OR “electronic devices” OR “Web 2.0” OR “net
health” OR “digital health technology” OR “health care information” OR “interactive health
communication” OR telemonitoring OR tele-health OR mHealth OR telehealth OR telecare OR
“health technology”
(3) Factors factors OR barriers OR characteristics OR facilitators OR “sociodemographic factors” ORpredictors OR “digital divide” OR “health inequalities” OR disparities OR inequalities
(4) Suggested
interventions
programme OR recommendations OR recommendation OR program OR strategy OR suggestion
OR implementation OR adoption OR trial OR solution OR coaching OR intervention
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2.2. Article Selection
According to the PRISMA flow diagram, articles were first screened by title, then by abstract,
and finally by full-text [16]. Articles were selected if they investigated sociodemographic factors
influencing the use of eHealth for chronic diseases. Additional inclusion criteria were that articles
were published in the last 10 years, articles were peer-reviewed, and that articles were written in
English. Qualitative, quantitative as well as mixed-methods research articles were included. Review
articles and theoretical papers were excluded. The target population selected were people with chronic
diseases such as cardiovascular disease, diabetes, cancer, chronic respiratory disease, Alzheimer’s
disease, dementia, and obesity.
2.3. Data Extraction
Four authors read the included articles. One author (F.R.) read all the articles, the other authors
(L.B., J.S., and E.W.) each read a selection of the articles. Each author individually extracted the data
into a data extraction form, which can be found in the Supplementary Materials (Extraction Form).
This form included information about the purpose of the study and the main outcomes, the target
population and the technology, as well as the factors and suggestions for interventions to influence the
use of eHealth.
2.4. Assessment of Methodological Quality
All included articles were assessed for quality using the Mixed Methods Appraisal Tool
(MMAT) [17]. The MMAT is a critical appraisal tool for the assessment of the quality of studies
included in mixed studies reviews, including qualitative, quantitative and mixed-method studies.
It appraises the quality of studies in five categories: qualitative research, randomized controlled
trials, non-randomized studies, quantitative descriptive studies, and mixed-methods studies. For each
category the MMAT provides a number of quality criteria that should be rated.
2.5. Data Analysis
First, for each article, two of the authors had to reach agreement regarding the entry of the quality
of each article and the data entered in the data extraction form. If there was no agreement, a third
author assessed the article and the article was discussed until agreement was reached.
3. Results
The search in four different databases, relating to sociodemographic factors influencing the use of
eHealth for chronic diseases, delivered 1639 results. In total, 166 articles were removed as they were
identified as duplicates. After screening titles, abstracts, and full-texts on relevance for the research
questions, 22 articles were included in the present literature review (Figure 1). Most of the full-text
articles were excluded due to participants that were not diagnosed with a chronic disease but were
at risk to have a chronic disease. Other reasons for exclusion were articles that investigated the use
of Internet or technologies that were not related to eHealth or the eHealth technology was used to
diagnose chronic disease.
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Figure 1. Flow diagram of the article selection process.
3.1. Quality of Included Articles
After assessing the quality of the articles with the MMAT, most articles were found to be of
mediocre quality. Frequently, the inclusion criteria for the participants’ selection required ownership
of a smartphone, access to Internet connection, country language skills, and specific literacy skills.
Moreover, in many studies confounders were not taken into account regarding the correlations found
between sociodemographic characteristics of the participants and the use of eHealth. For example,
people with higher education might also have a higher income. Other reasons for lower quality
were small sample sizes and high risk of non-response bias, which decreased the generalizability of
the results. A detailed table of the quality assessment of the included articles can be found in the
Supplementary Materials (Quality Assessment Table According to MMAT).
3.2. General Findings in the Selected Articles
The selected articles were screened for any sociodemographic factors influencing the use of
eHealth among people with chronic diseases as well as for any suggestions for interventions
to overcome these factors. The main findings are summarized in the Supplementary Materials
(Sociodemographic factors influencing the use of eHealth and suggested interventions).
Articles were published from 2008 to 2018, with most of the articles being recent (2015–2018).
Various study designs were among the included articles: one qualitative study, two randomized
controlled trials, one mixed method, eleven quantitative nonrandomized studies, and seven
quantitative descriptive studies (See: Supplementary Materials (Sociodemographic factors influencing
the use of eHealth and suggested interventions)).
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The overall aim of the studies with respect to eHealth was diverse. Articles studied, for instance,
the use of, the acceptance of, the access to, the effectiveness of, the willingness to use, the engagement
in, and the interest in eHealth. Nevertheless, most often, the use or intended use of eHealth was
investigated. The selected articles were from different geographical regions that represent various
cultures. Also, a variety of technologies was used: six articles used mobile phones, one used a web
portal, and one an Internet-based program. Most articles, however, did not report a specific form of
eHealth technology. Articles that did not report a specific form of eHealth technology often described
the results of a survey among people with a chronic disease in which they were asked about their use
of eHealth in general.
The selected articles also showed diversity of chronic diseases that were addressed; seven articles
reported on patients with diabetes, four on cancer, four on heart disease, two on respiratory disease,
one on dementia and four articles reported on patients with chronic disease in general.
3.3. Sociodemographic Factors
3.3.1. Age
The majority of the studies (n = 13) indicate age to be a significant factor that influences the use
of eHealth [18–30]. Younger people are more willing and have more experience and interest in using
eHealth compared to older people [18,20–22,24,26–29]. Often, the problem mentioned is that older
persons do not own a device with which they can access eHealth, or, if they do own such a device,
do not have the skills required to use it [18,20,21,29]. Also, the younger population is more aware of
eHealth possibilities compared to older persons who have less knowledge about eHealth. Terschüren
et al. report that older people are afraid of losing personal contact with their physician when they
start using eHealth [30]. On the other hand, in the study of Goyal et al., it is shown that older persons,
once they adopt the technology, adhere longer to a risk management app than younger people who,
although they download the app more often, also lose interest more often [19]. In contrast, five studies
indicate age not to be a significant influencing factor for the use of eHealth [31–35].
3.3.2. Gender
The results regarding gender are not consistent. Only five out of 22 articles studies show that
gender is a factor influencing the use of eHealth [19,20,30,31,36], whereas in eight studies no relation is
found between gender and the use of eHealth [21–25,29,32,33]. In three studies, women are found to
be more engaged and satisfied with eHealth applications and use them more often than men [19,36,37].
In contrast, the studies by Terschüren et al. and Kamis et al. show men to be more likely to accept
telemonitoring than women [20,30].
3.3.3. Income
Five articles addressed the relation between the income of the patients and the use of
eHealth [24,26,31,35,37]. People with higher income tended to have more interest in eHealth compared
to people with lower income [26,31]. It is indicated that lower income is associated with limited
availability and access to Internet healthcare resources [31,37]. On the other hand, Whittemore et al.
found that in people with lower income, the satisfaction in using eHealth is as high as for people with
higher income [31]. In the studies of Nelson et al. and Song et al. income was not a factor influencing
the engagement in eHealth [24,35].
3.3.4. Education
Three studies indicate that education is not associated with the use of eHealth [28,34,35]. However,
six studies indicate that education does play a role in the use of eHealth in chronic disease. These
articles show that higher education is correlated with more knowledge as well as more use of eHealth
technologies [18,20,26,30,33,38]. People who are educated to a higher level are more interested and
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more experienced in using eHealth [18,38]. Also, a lower level of education is associated with less
adherence to telehealth [33].
3.3.5. Vocational Status
Only two of the included articles investigate the relation between vocational status of people
with chronic disease and their use of eHealth [26,38]. LaMonica et al. show that whether people are
employed or not does not influence the use of eHealth [38]. In the study of Drewes et al., the same
result is given [28].
3.3.6. Ethnicity
Four articles report no correlation between eHealth use and ethnicity [23,26,34,35]. Whittemore
et al. indicated that black, Hispanic, or mixed race/ethnicity are more likely to refuse to enroll in
Internet-based research compared to white adolescents [31]. Also, it was suggested that non-white
participants experienced pressure of the healthcare provider to enroll. Once they were enrolled in
the research though, the satisfaction was as high as for white participants [31]. Suggested reasons
for refusal are problems with Internet access or financial issues that lead to a lack of Internet
availability [31]. Nelson et al. found that race is significantly related to text responses in eHealth.
Non-white participants are less likely to respond to text messages compared to white participants.
Similar results were found for participation in interactive voice response calls [24].
3.3.7. Place of Residence
Six articles reported that people with chronic diseases living in rural areas are less likely to use
eHealth compared to urban citizens [22,23,29,32,37,39]. They were found to have less access to eHealth,
and the implementation of eHealth is less effective. As assessed by Duplaga et al. the use of eHealth
is more common in urban areas with more than 100,000 inhabitants [22]. As explained by Han et al.,
the geographical influence is often related to lower socioeconomic status [37]. A positive effect of
eHealth was seen in South Korea. A city with few medical facilities showed greater use of eHealth
compared to an urban city [32]. Contrarily, Terschüren et al. showed that the place of residence does
not play a role in the use of telemedical devices among people with chronic diseases [30].
3.4. Suggested Directions for Interventions
3.4.1. Personalization of eHealth; Different Ways of Information Delivery
Taking into account all sociodemographic factors that have been shown to influence the use
of eHealth (i.e., age, income, education, living alone, place of residence, and ethnicity) some
articles highlight that eHealth interventions need to be tailored to the specific target population [30].
An eHealth strategy should not be “generalized” for all patients but needs to be adapted to the
patient’s profile. Offering these customizations might enhance acceptance and motivation of eHealth
use [22,24,28,37,38].
Several studies show that lower educated people and older people need more support for being
able to use eHealth, because they experience more problems with accessing and understanding eHealth
information [18,25,27,34,38]. One suggestion is to include tutorials in the eHealth application [25].
Again, it is important that this support is adapted to the capability of the patients as well as their
personal preferences [38]. Educational initiatives are suggested as a way to improve the perception and
acceptance of eHealth by patients. Additionally, involving caregivers could enhance familiarization
with the technology for novice eHealth users [21].
One of the reasons for low use of eHealth among older persons is their concern about missing
immediate understandable feedback when they do not have personal contact with the health care
provider [30]. Currently, people trust their general practitioner as an interpreter of measurement values
in telemonitoring applications [30]. Also, they want to be sure of adequate help in case of acute or
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emergency conditions [30]. Informing people on how this works in a telemonitoring application may
help to improve acceptance among older adults [30]. In addition, eHealth awareness can be enhanced
by using media older persons are familiar with; in the same study it was found that magazines and
television were valuable as a first step to implement eHealth strategies [30].
Nelson et al. confirmed that eHealth should also be tailored to cultural attitudes and beliefs
to increase engagement [24]. As a manner to achieve this goal, Anglada-Martinez et al. suggested
improving the perceptions of the potential eHealth users by offering examples in which people can
better recognize themselves [21]. They suggest, for instance, to include movie material and other
creative approaches with people representing the same race to reach ethnical minorities [31].
The ease of use of eHealth strategies is indicated to be helpful to increase motivation and use of
eHealth. EHealth interventions should save time, contain a reasonable amount of information and
be comprehensible [31,39]. Therefore, it is essential to include the target population in the design
and development of the eHealth tool [24,31]. In this way, the eHealth intervention can be used more
effectively [39], and ethnical disparities could be avoided [31].
3.4.2. Facilitate Access to Internet; Use of Different Devices and Modes of Delivery
Frequently, mobile phones are used for eHealth interventions [27]. Mobile phones are common
even among lower income populations and are cost effective. For example, texting is easy and can
provide reminders and key tips to the patients [38]. Smith et al. reported that text messages can
provide lifestyle advice and health awareness. Websites should be mobile-friendly, to avoid excluding
people without computers or tablets [38]. Multiple platforms should be offered in order to include
youth with diverse race as well. For example, Latino and black youth are more likely to access the
Internet by cell phone compared to white youth who are more likely to use a computer [30].
In contrast, it was shown by LaMonica et al. that older people prefer using computers compared
to mobile phones, and therefore using the mobile phone as the only option still leads to disparities
in eHealth [38].
Social media is getting more popular and is nowadays, amongst others, considered as a potential
eHealth strategy [38]. Engagement in eHealth by diverse youth with diabetes can also be successful by
using social media including interactive blogging, connecting with others and creative expressions [30].
It was also suggested that the use and uptake of social media might be fundamental for interventions
that target older adults having cognition issues [38].
A big issue among eHealth interventions is the access to the Internet [26]. Easy access could be
provided by giving eHealth options before and after an appointment in the clinic or health facility or
even during the treatment session [30,35]. Other suggestions are to subsidize the costs of computer
devices, as technology is found to be costly [26]. Furthermore, eHealth should be available offline once
it is downloaded, especially for patients living in rural areas [39].
3.4.3. Inclusion of Family Members
According to a number of articles, family members play an essential role in the implementation
and use of eHealth [24,35,38]. For instance, older persons who experience difficulties with technology
often are helped by family members [24,35,38]. Besides, multiple person households positively
influence the use of eHealth [28]. Family members can also help patients to accept eHealth by
encouraging them, especially helping them in case of low eHealth literacy [35].
This also counts for younger eHealth users. Whittemore et al. showed that parents can be the key
to stimulate young diabetes patients to use eHealth. Especially for African American, black, Hispanic
or mixed-race youth, interest in eHealth can be enhanced through their parents. Therefore, health care
providers need to know how to convince parents to have their adolescents use eHealth. This could be
done by personal interviews or skype-meetings with the parents. Moreover, once these persons use
eHealth, they show high satisfaction; therefore creative recruitment strategies are needed [31].
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3.4.4. Complementary Remarks Considering Improvement of Uptake of eHealth
Another option to encourage patients to use eHealth, according to Jacobs et al., is to persuade
patients with the argument that by using eHealth and sharing their data, they can help other patients
with the same issues [39]. Others reported that in some cases a phone call may be a better way to
communicate with a patient than sending a text message, since in some parts of Latin America, people
can receive a mobile phone call free of charge [39].
In general, several articles recommend to use eHealth as a complement rather than replacing
current health delivery systems [19,26,27,29,31,36]. People not owning any technical devices to access
health information should not be excluded [27]. It is argued that reaching acceptance of eHealth
among people with a chronic disease is easier if it is used as a complementary health care delivery
system [27,29].
4. Discussion
4.1. Summary of the Main Results
This review identified and synthesized the literature regarding sociodemographic factors
influencing the use of eHealth in people with chronic diseases. It also addressed suggestions to
facilitate or improve the use of eHealth. Findings suggest that sociodemographic factors influencing
the use of eHealth are diverse and complex. All the included articles reported several factors acting as
barriers or facilitators in the use of eHealth. Of all the factors, age has been studied most extensively;
it was addressed in 18 out of 22 included articles [18–26,28–30,38]. Vocational status was addressed in
only two of the articles [28,38].
Older persons and persons with lower income and/or lower education are less likely to use
eHealth. Also, people with chronic diseases who are living alone are less inclined to use eHealth,
because family members often help with difficulties experienced while using eHealth. Marital status
has not been addressed explicitly in any of the studies. Vocational status has been shown not to
influence the use of eHealth.
Regarding gender, the results did not show consistency. Ethnicity plays an important role in
the one article that studied ethnicity: non-white people used eHealth less compared to Caucasians.
Nevertheless, they are more satisfied once enrolled in an eHealth program.
A noteworthy factor influencing the use of eHealth is the place of residence. People living in
rural areas have less access and opportunities regarding eHealth. However, these are the people most
in need of eHealth care to overcome scarcity in health care provisions in these distant areas. It was
striking that in only one study eHealth was found to be a facilitator for people living in rural areas
because they had fewer medical facilities and longer travel time. In addition, people living in rural
regions have a lower socioeconomic status, which is another barrier.
In many of the articles included in the present literature review suggestions were made to improve
the use of eHealth, which can be clustered in three main themes. First, eHealth applications should be
personalized and tailored to the specific target population. For instance, older persons get to know
eHealth through magazines and television; therefore, these are important media for the first step of
implementation. Also, older persons, as compared to younger ones, need direct feedback from data
that result from monitoring their vital systems, and are willing to get assistance from qualified practice
assistants instead of the general practitioner. Among people with chronic diseases, eHealth should
be easy to use, with short texts and visual material. Another upcoming eHealth tool is social media,
which might be appealing for young people. The involvement of the patients in the designing and
developing part is essential.
Second, access to Internet should be facilitated and made as easy as possible. For instance, for low
income groups, it is suggested that mobile phones should be used, as communicating using a text
message is easy and cheap. Others argue that communicating by making a phone call is a better option,
because making a phone call does not require literacy skills and might be suitable for less educated
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people. In addition, websites should be mobile-friendly. Multiple platforms should be available for
eHealth interventions to avoid disparities, because, e.g., older persons prefer computers over mobile
phones. Regarding access to the Internet, eHealth should be available before, during and after clinical
appointments. Besides, eHealth should be available offline once it has been downloaded. In general,
eHealth should be used as a complement to avoid health inequalities.
Third, family members should play a role in the use of eHealth. Older people and lower educated
people need more support when using eHealth technologies. Involving family members can help to
resolve issues with eHealth literacy and lack of technology skills. One article suggested to involve
parents to increase the interest in eHealth among young diabetes patients. This finding also implies
that, in situations that no family members are available, other human support might be necessary, e.g.,
neighbors, or volunteers.
The results of this review underline previous observations that various forms or stages of digital
divide can be distinguished [40]. First, there is the economic divide, manifested in the fact that not
everyone can afford to buy the hardware needed to access eHealth. This is influenced by factors such
as income, vocational status and place of residence. Second is the so-called usability divide, meaning
that some people may not be able to achieve the benefits of eHealth because it is too difficult for them
to understand and use effectively. This is applicable to for instance illiterate people or older people
with decreasing cognitive and physical skills, and thus influenced by factors like age and education.
The third and final form is the empowerment divide, which related to the fact that although they have
access to the right hardware, and they have the skills to use the eHealth applications, some people will
not make use of the opportunities offered by eHealth, because they do not feel personally empowered
to do so and do not think they will benefit. The empowerment divide is much more complicated to
overcome. In their suggestions for interventions, the articles included in this literature review therefore
mostly address the economic and the usability divide. Therefore, in future research, the empowerment
divide deserves specific attention.
4.2. Strengths and Limitations
To our knowledge, this is the first review to address sociodemographic factors as related to the
use of eHealth in chronic diseases. Also, it is the first attempt to summarize possible solutions to
overcome the digital divide in the use of eHealth, as suggested in the existent research. Therefore,
it offers suggestions to improve the adoption and use of eHealth applications in practice. A clear
methodological approach was used to conduct the research validated by several authors comparing
their findings. Another strength of this literature review is the use of multiple databases to conduct the
article selection. The quality of the articles was assessed by the MMAT, an effective tool to evaluate the
quality of articles with diverse study types. A favorable aspect of this review is the fact that the studies
are conducted in diverse countries with various chronic diseases, which increases the generalizability
of the results. As the development of technology is growing fast, it is to be noted that the studies
included are mostly recent.
At the same time, several limitations need to be mentioned. As for sociodemographic factors
associated to eHealth use, most of the researches used univariate statistics, resulting in bias by
confounding. Hence, it is hard to conclude whether a specific factor influences the use of eHealth.
In addition, the aims of the studies differed: some studies evaluated to what extent eHealth was
actuallyused by patients, whereas most studies described the acceptance and future use of eHealth.
A major limitation of this review is that the interventions suggested in the literature have not been
empirically tested. Therefore, future research should evaluate the effectiveness of such interventions
in practice.
5. Conclusions
Research demonstrates that eHealth is least used by persons who appear to need it most, i.e.,
older persons, persons with chronic diseases, persons in rural areas, and persons with lower levels of
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education. In order to scale the use of eHealth, it is necessary to address this inequality. Suggested
directions for interventions are to personalize the content and mode of delivery of eHealth and to
design together with the intended users. Also, the choice of the used Internet devices should be able to
vary according to familiarity and preference of the user. Finally, eHealth should be accompanied by
human support.
Supplementary Materials: The following are available online at http://www.mdpi.com/1660-4601/16/4/645/s1,
Appendix A, B and C.
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Funding: This research received no external funding.
Conflicts of Interest: The authors declare no conflict of interest.
References
1. World Health Organization. Noncommunicable Diseases (NCDs) and Mental Health Challenges and
Solutions. 2018. Available online: https://www.who.int/beat-ncds/en/ (accessed on 5 December 2018).
2. United Nations, Department of Economic and Social Affairs. World Population Prospects: The 2015 Revision,
Key Findings and Advance Tables; United Nations, Department of Economic and Social Affairs: New York,
NY, USA, 2015.
3. Tremmel, M.; Gerdtham, U.-G.; Nilsson, P.; Saha, S. Economic burden of obesity: A systematic literature
review. Int. J. Environ. Res. Public Health 2017, 14, 435. [CrossRef] [PubMed]
4. Gheorghe, A.; Griffiths, U.; Murphy, A.; Legido-Quigley, H.; Lamptey, P.; Perel, P. The economic burden
of cardiovascular disease and hypertension in low- and middle-income countries: A systematic review.
BMC Public Health 2018, 18, 975. [CrossRef] [PubMed]
5. Settumba, S.N.; Sweeney, S.; Seeley, J.; Biraro, S.; Mutungi, G.; Munderi, P.; Grosskurth, H.; Vassall, A.
The health system burden of chronic disease care: An estimation of provider costs of selected chronic
diseases in Uganda. Trop. Med. Int. Health 2015, 20, 781–790. [CrossRef] [PubMed]
6. World Health Organization. Noncommunicable diseases. 2018. Available online: https://www.who.int/
news-room/fact-sheets/detail/noncommunicable-diseases (accessed on 5 December 2018).
7. Shrivastava, S.; Shrivastava, P.; Ramasamy, J. Role of self-care in management of diabetes mellitus. J. Diabetes
Metab. Disord. 2013, 12, 14. [CrossRef] [PubMed]
8. Talboom-Kamp, E.P.W.A.; Verdijk, N.A.; Kasteleyn, M.J.; Numans, M.E.; Chavannes, N.H. From chronic
disease management to person-centered eHealth; A review on the necessity for blended care. Clin. eHealth
2018, 1, 3–7. [CrossRef]
9. Forkner-Dunn, J. Internet-based patient self-care: The next generation of health care delivery. J. Med. Internet Res.
2003, 5, e8. [CrossRef] [PubMed]
10. Samoocha, D.; Bruinvels, D.J.; Elbers, N.A.; Anema, J.R.; van der Beek, A.J. Effectiveness of web-based
interventions on patient empowerment: A systematic review and meta-analysis. J. Med. Internet Res. 2010,
12, e23. [CrossRef] [PubMed]
11. Murray, E.; Burns, J.; See Tai, S.; Lai, R.; Nazareth, I. Interactive health communication applications for
people with chronic disease. Cochrane Database Syst. Rev. 2005, 4. [CrossRef] [PubMed]
12. Tistad, M.; Lundell, S.; Wiklund, M.; Nyberg, A.; Holmner, Å.; Wadell, K. Usefulness and relevance of an
eHealth tool in supporting the self-management of chronic obstructive pulmonary disease: Explorative
qualitative study of a cocreative process. JMIR Hum. Factors 2018, 5, e10801. [CrossRef] [PubMed]
13. Stellefson, M.; Chaney, B.; Barry, A.E.; Chavarria, E.; Tennant, B.; Walsh-Childers, K.; Sriram, P.; Zagora, J.
Web 2.0 chronic disease self-management for older adults: A systematic review. J. Med. Internet Res. 2013, 15,
e35. [CrossRef] [PubMed]
14. Graetz, I.; Gordon, N.; Fung, V.; Hamity, C.; Reed, M.E. The Digital divide and patient portals: Internet
access explained differences in patient portal use for secure messaging by age, race, and income. Med. Care
2016, 54, 772–779. [CrossRef] [PubMed]
15. Showell, C. Barriers to the use of personal health records by patients: A structured review. PeerJ 2017,
5, e3268. [CrossRef] [PubMed]
Int. J. Environ. Res. Public Health 2019, 16, 645 11 of 12
16. Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G. Preferred reporting items for systematic reviews and
meta-analyses: The PRISMA Statement. PLoS Med. 2009, 6, 9. [CrossRef] [PubMed]
17. Hong, Q.; Pluye, P.; Fàbregues, S.; Bartlett, G.; Boardman, F.; Cargo, M.; Dagenais, P.; Gagnon, M.-P.;
Griffiths, F.; Nicolau, B.; et al. Mixed Methods Appraisal Tool (MMAT), Version 2018; McGill: Montréal,
QC, Canada, 2018.
18. Hofstede, J.; de Bie, J.; van Wijngaarden, B.; Heijmans, M. Knowledge, use and attitude toward eHealth
among patients with chronic lung diseases. Int. J. Med. Inform. 2014, 83, 967–974. [CrossRef] [PubMed]
19. Goyal, S.; Morita, P.P.; Picton, P.; Seto, E.; Zbib, A.; Cafazzo, J.A. Uptake of a consumer-focused mHealth
application for the assessment and prevention of heart disease: The <30 days study. JMIR mHealth uHealth
2016, 4, e32. [CrossRef] [PubMed]
20. Kamis, K.; Janevic, M.R.; Marinec, N.; Jantz, R.; Valverde, H.; Piette, J.D. A study of mobile phone use
among patients with noncommunicable diseases in La Paz, Bolivia: Implications for mHealth research and
development. Glob. Health 2015, 11. [CrossRef] [PubMed]
21. Anglada-Martínez, H.; Rovira-Illamola, M.; Martin-Conde, M.; Sotoca-Momblona, J.M.; Codina-Jané, C.
mHealth intervention to improve medication management in chronically ill patients: Analysis of the
recruitment process. Postgrad. Med. 2016, 128, 427–431. [CrossRef] [PubMed]
22. Duplaga, M. A cross-sectional study assessing determinants of the attitude to the introduction of eHealth
services among patients suffering from chronic conditions. BMC Med. Inform. Decis. Mak. 2015, 15. [CrossRef]
[PubMed]
23. Edwards, L.; Thomas, C.; Gregory, A.; Yardley, L.; O’Cathain, A.; Montgomery, A.A.; Salisbury, C. Are people
with chronic diseases interested in using telehealth? A cross-sectional postal survey. J. Med. Internet Res.
2014, 16, e123. [CrossRef] [PubMed]
24. Nelson, L.A.; Mulvaney, S.A.; Gebretsadik, T.; Ho, Y.-X.; Johnson, K.B.; Osborn, C.Y. Disparities in the use
of a mHealth medication adherence promotion intervention for low-income adults with type 2 diabetes.
JAMIA 2016, 23, 12–18. [CrossRef] [PubMed]
25. Pollom, E.L.; Wang, E.; Bui, T.T.; Ognibene, G.; von Eyben, R.; Divi, V.; Sunwoo, J.; Kaplan, M.; Dimitri
Colevas, A.; Le, Q.-T.; et al. A prospective study of electronic quality of life assessment using tablet devices
during and after treatment of head and neck cancers. Oral Oncol. 2015, 51, 1132–1137. [CrossRef] [PubMed]
26. Samiei, V.; Wan Puteh, S.E.; Abdul Manaf, M.R. Are Malaysian diabetic patients ready to use the new
generation of health care service delivery? A telehealth interest assessment. Malays. J. Med. Sci. 2016, 23,
44–52. [PubMed]
27. Smith, R.; Menon, J.; Rajeev, J.G.; Feinberg, L.; Kumar, R.K.; Banerjee, A. Potential for the use of mHealth in
the management of cardiovascular disease in Kerala: A qualitative study. BMJ Open 2015, 5, e009367–e009367.
[CrossRef] [PubMed]
28. Drewes, C.; Kirkovits, T.; Schiltz, D.; Schinkoethe, T.; Haidinger, R.; Goldmann-Posch, U.; Harbeck, N.;
Wuerstlein, R. EHealth acceptance and new media preferences for therapy assistance among breast cancer
patients. JMIR Cancer 2016, 2, e13. [CrossRef] [PubMed]
29. Saied, A.; Sherry, S.J.; Castricone, D.J.; Perry, K.M.; Katz, S.C.; Somasundar, P. Age-related trends in utilization
of the internet and electronic communication devices for coordination of cancer care in elderly patients.
J. Geriatr. Oncol. 2014, 5, 185–189. [CrossRef] [PubMed]
30. Terschüren, C.; Mensing, M.; Mekel, O.C. Is telemonitoring an option against shortage of physicians in rural
regions? Attitude towards telemedical devices in the North Rhine-Westphalian health survey, Germany.
BMC Health Serv. Res. 2012, 12. [CrossRef] [PubMed]
31. Whittemore, R.; Jaser, S.S.; Faulkner, M.S.; Murphy, K.; Delamater, A.; Grey, M. Type 1 diabetes ehealth
psychoeducation: Youth recruitment, participation, and satisfaction. J. Med. Internet Res. 2013, 15, 1–16.
[CrossRef] [PubMed]
32. Rho, M.J.; Kim, H.-S.; Yoon, K.-H.; Choi, I.Y. Compliance patterns and utilization of e-health for glucose
monitoring: Standalone internet gateway and tablet device. Telemed. J. E. Health 2017, 23, 298–304. [CrossRef]
[PubMed]
33. Rixon, L.; Hirani, P.H.; Cartwright, M.; Beynon, M.; Selva, A.; Sanders, C.; Newman, P.S. What influences
withdrawal because of rejection of telehealth – the whole systems demonstrator evaluation. J. Assist. Technol.
2013, 7, 219–227. [CrossRef]
Int. J. Environ. Res. Public Health 2019, 16, 645 12 of 12
34. Sarkar, U.; Piette, J.D.; Gonzales, R.; Lessler, D.; Chew, L.D.; Reilly, B.; Johnson, J.; Brunt, M.; Huang, J.;
Regenstein, M.; et al. Preferences for self-management support: Findings from a survey of diabetes patients
in safety-net health systems. Patient Educ. Couns. 2008, 70, 102–110. [CrossRef] [PubMed]
35. Song, L.; Tatum, K.; Greene, G.; Chen, R.C. eHealth literacy and partner involvement in treatment decision
making for men with newly diagnosed localized prostate cancer. Oncol. Nurs. Forum 2017, 44, 225–233.
[PubMed]
36. Hanberger, L.; Ludvigsson, J.; Nordfeldt, S. Use of a Web 2.0 Portal to improve education and communication
in young patients with families: Randomized controlled trial. J. Med. Internet Res. 2013, 15, e175. [CrossRef]
[PubMed]
37. Han, J.H.; Sunderland, N.; Kendall, E.; Gudes, O.; Henniker, G. Professional practice and innovation: Chronic
disease, geographic location and socioeconomic disadvantage as obstacles to equitable access to e-Health.
Health Inf. Manag. J. 2010, 39, 30–36. [CrossRef]
38. LaMonica, H.M.; English, A.; Hickie, I.B.; Ip, J.; Ireland, C.; West, S.; Shaw, T.; Mowszowski, L.; Glozier, N.;
Duffy, S.; et al. Examining internet and eHealth practices and preferences: Survey study of australian older
adults with subjective memory complaints, mild cognitive impairment, or dementia. J. Med. Internet Res.
2017, 19, 1–16. [CrossRef] [PubMed]
39. Jacobs, M.; Johnson, J.; Mynatt, E.D. MyPath: Investigating breast cancer patients’ use of personalized health
information. Proc. ACM Hum. Comput. Interact. 2018, 2, 1–21. [CrossRef]
40. Van Deursen, A.J.A.M.; Helsper, E.J. The third-level digital divide: Who benefits most from being online?
Com. Inform. Technol. Annual 2015, 29–52.
© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).
